Objective. Antidepressants are frequently associated with treatment-emergent sexual dysfunction (TESD). Vortioxetine, which was approved for patients with major depressive disorder (MDD), has a receptor profile that suggests limited impact on sexual functioning.
Introduction
Major depressive disorder (MDD) and generalized anxiety disorder (GAD) are each associated with high rates of sexual dysfunction. One long-term study, for example, estimated that sexual dysfunction was nearly twice as common in people with MDD as in the general population. 1 Pharmacotherapy for MDD or GAD can alleviate sexual dysfunction in some patients, but treatment with most antidepressants is itself associated with some form of sexual dysfunction or worsening sexual dysfunction. 2 As many as 30%-80% of patients treated with selective-serotonin reuptake inhibitors (SSRIs) experience some form of treatment-emergent sexual dysfunction (TESD), which can affect any aspect of sexual activity, including desire, arousal, and orgasm. [2] [3] [4] [5] [6] Sexual dysfunction associated with antidepressant use reduces self-esteem and quality of life and burdens interpersonal relationships. 7, 8 It is particularly bothersome to patients 9 and may affect treatment compliance.
The biological substrate underpinning TESD is incompletely understood. Based on multiple studies of SSRIs, it is generally thought that elevated serotonin (5-HT) levels overall exert inhibitory effects on sexual function. 10 However, preclinical research-and to a lesser extent clinical research-suggests that different 5-HT receptor subtypes may differentially modulate sexual function (eg, in male rats, 5-HT 1A receptor stimulation is pro-sexual, whereas 5-HT 1B receptor stimulation inhibits sexual behavior). 11, 12 Other neurotransmitter systems and their interaction with sex hormones are likely to be involved, including dopaminergic, cholinergic, alphaadrenergic, and nitric oxide systems. 10, 13 The antidepressant vortioxetine has a spectrum of effects on the serotonin system that differs from the profiles of preexisting agents. In vitro evidence suggests that vortioxetine is an antagonist at 5-HT 3 , 5-HT 7 , and 5-HT 1D receptors; an agonist at 5-HT 1A receptors; a partial agonist at 5-HT 1B receptors; and an inhibitor of the 5-HT transporter. 14 In preclinical studies, vortioxetine affected male rat sexual performance much less than did an SSRI, and it appeared that one or more of vortioxetine's receptor activities counteracted the 5-HT-mediated inhibition of sexual performance produced by serotonin transporter inhibition. 15 Vortioxetine is an approved antidepressant in the United States, Canada, Europe, and several other countries. The approved therapeutic dose range is 5-20 mg/day with a recommended starting dose of 10 mg/day, after which the dose can be increased or decreased based on individual response. Individual, randomized, placebo-controlled clinical trials have reported TESD incidence rates for lower vortioxetine doses similar to or lower than those seen with placebo; for higher vortioxetine doses, rates were higher, but not significantly so. 16 
Methods
Seven randomized, placebo-controlled trials of vortioxetine-6 in patients with MDD [17] [18] [19] [20] [21] [22] and 1 in patients with GAD 23 -assessed TESD among participants using the Arizona Sexual Experiences Scale (ASEX) ( Table 1) . Five of these trials included duloxetine (60 mg), a serotoninnorepinephrine reuptake inhibitor (SNRI), as an active reference. The ASEX is a validated, self-administered patient questionnaire that measures sex drive, ease of arousal, ability to achieve erection (in men) or vaginal lubrication (in women), ease of reaching orgasm, and satisfaction from orgasm. 24 It was developed to identify and monitor sexual functioning in psychiatric patients in clinical trials. The ASEX consists of 5 questions with responses to each question ranging from 1 to 6. Higher scores are indicative of worse sexual functioning. There are male and female versions of the ASEX, and patients are encouraged to answer all questions regardless of current frequency of sexual activity.
Aims
For the current analysis, patient-level ASEX data from all 7 trials that utilized the ASEX were pooled and analyzed to estimate the incidence of TESD during short-term (8 weeks) treatment with vortioxetine compared to placebo or duloxetine. Patients were enrolled into the trials independent of their level of sexual functioning. In order to evaluate the impact of treatment on patients with normal sexual functioning, the primary analysis included only patients without sexual dysfunction at study baseline. The analysis also explored the effects of patient gender and age, as well as vortioxetine dose, on the incidence of TESD. Data from patients who had sexual dysfunction at baseline were also analyzed to assess worsening of sexual dysfunction during treatment. The incidences of spontaneously reported adverse events (AEs) related to sexual functioning were also reported.
Study participants
The designs of the individual trials have been published previously [17] [18] [19] [20] [21] [22] [23] and will be summarized briefly. For trials in MDD, all patients had to meet the criteria for a major depressive episode (MDE) lasting at least 3 months as described in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR), and be at least 18 years old. Additional inclusion criteria included Montgomery-Åsberg Depression Rating Scale (MADRS) scores of at least 22 (NCT00672620) or at least 26 (all other trials). 25 Some trials also required Clinical Global Impression-Severity of Illness (CGI-S) scores of at least 4. For the trial in GAD, participants had to have a primary diagnosis of GAD as defined by DSM-IV-TR, a total score of at least 20 on the Hamilton Anxiety Rating Scale (HAM-A), a score of at least 2 for the HAM-A items of anxious mood and tension, and a score less than or equal to 16 on the MADRS. Trial participants treated with vortioxetine doses of 1 or 2.5 mg per day (below currently approved dosages) were not included in the current analyses. 
Main outcome measures
The prespecified primary objective of the analysis was to compare vortioxetine to placebo for the risk of TESD via a non-inferiority hypothesis in patients without sexual dysfunction at baseline. Sexual dysfunction at baseline or at any clinic visit was defined as an ASEX total score of at least 19, a score of at least 5 on any ASEX individual item, or a score of at least 4 on any 3 ASEX individual items. 24 TESD was defined as sexual dysfunction (meeting the above criteria) at any time during the treatment period. Trial participants with sexual dysfunction at baseline were excluded from the primary analysis (see below for additional analysis of worsening sexual dysfunction). The comparison of each vortioxetine dose (5, 10, 15, and 20 mg/day) to placebo for the primary objective was reported using a 95% confidence interval (CI) for the common risk difference in TESD incidence between each dose and placebo. The risk difference of the TESD incidence between each dose and placebo was calculated (percent vortioxetine minus percent placebo). The common risk difference for the set of observed differences in the incidence of TESD between each vortioxetine dose and placebo was estimated using the Cochran-Mantel-Haenszel (CMH) method stratified by study. 26 Non-inferiority of vortioxetine versus placebo was evaluated by comparing the upper bound of the 95% CI for the common risk difference with a clinically meaningful margin of 10%, with non-inferiority declared if the upper bound was less than the 10% margin. An additional analysis was conducted to investigate if vortioxetine resulted in significant reductions in developing TESD compared to duloxetine via a superiority hypothesis in trials where vortioxetine and duloxetine were studied together. The risk difference of each vortioxetine dose compared to duloxetine was estimated (percent vortioxetine minus percent duloxetine), and comparisons based on the common risk difference were performed using the same approach as for the comparisons between each dose and placebo. The superiority of vortioxetine versus duloxetine was declared if the upper bound of the 95% CI was less than zero. Comparisons between duloxetine and placebo were also conducted (percent duloxetine minus percent placebo) to investigate whether duloxetine resulted in increased TESD compared to placebo. Subgroup analyses were also performed to explore the effects of patient age and gender on the risk of developing TESD.
Sensitivity analyses were conducted to more thoroughly evaluate the changes in ASEX scores during treatment. Analyses included defining TESD at 2 consecutive study visits in patients without sexual dysfunction at baseline and at least 2 post-baseline visits, and analyzing the change from baseline at each study visit in ASEX individual item scores for all patients with a baseline score and at least one post-baseline score. The analysis method of TESD at 2 consecutive study visits was similar to that for TESD in the primary analysis. The analysis of the change from baseline to each study visit in the ASEX individual item scores was performed using a mixed model for repeated measures (MMRM) with treatment, study, week, treatment-by-week interaction, and baseline score-by-week as fixed effects. Comparisons of the difference between each vortioxetine dose and placebo (or duloxetine) were reported using 95% CIs using observed data with a focus on the changes from baseline to week 8.
Subjects identified as having sexual dysfunction at study baseline could not contribute to the evaluation of TESD in the primary analysis, but were evaluated to identify possible worsening of their condition. Worsening was defined as a shift of at least 3 different ASEX individual items at the same visit, with a shift defined as the change of an item score from at most 3 to greater than 3, or from 4 to (5 or 6), or from 5 to 6 during the treatment period. The data were analyzed using the same method as the primary analysis to test for non-inferiority of vortioxetine versus placebo and for superiority of vortioxetine versus duloxetine.
All comparisons were conducted without adjustment for multiple comparisons and using a 0.05 level of significance. In addition, spontaneously reported AEs related to sexual dysfunction were pooled from 14 randomized, placebo-controlled, short-term (6 or 8 weeks) trials of vortioxetine in patients with MDD or GAD (see Appendix 2) and were summarized by gender for each treatment group. The list of AEs related to sexual dysfunction was predefined based on Medical Dictionary for Regulatory Activities (MedDRA) v14.1 and is provided in Appendix 1.
Findings
TESD results from the 7 trials included in the analysis are provided in Table 1 . Of the 3829 treated patients, 1115 were without sexual dysfunction at baseline and were considered candidates for developing TESD during the treatment period. The percentage of patients without sexual dysfunction at baseline was similar across treatment arms ( Among the dose groups, the incidences of TESD with 5 mg (25.7%) were lower than placebo (32.0%); with 10 mg (35.3%), they were similar to placebo; and with 15 mg and 20 mg (42.9% and 46.1%, respectively), they were higher than placebo. However, overall, the incidence of TESD in vortioxetine-treated groups combined (37.1%) was not significantly different from placebo and was lower than with duloxetine (48.2%). Figure 1 shows the common risk difference (95% CI) for developing TESD at any visit as assessed by the ASEX for vortioxetine and duloxetine versus placebo across the 7 pooled trials. The risk of developing TESD in the 5 mg vortioxetine group was lower than in the placebo group (common risk difference, -4.6%) and non-inferior to placebo (upper bound of the 95% CI for the common risk difference was less than 10%). The other 3 vortioxetine doses did not meet the criteria for non-inferiority to placebo; however, none of the doses had a significantly higher risk than placebo. The risk of TESD in the duloxetine group was significantly higher than the placebo group (lower bound of the 95% CI was greater than 0). Although not shown in Figure 1 , the risk of TESD in the duloxetine-treated group was also significantly higher than in the 5 and 10 mg vortioxetine groups (common For men, the risk of TESD associated with 5 mg vortioxetine was non-inferior to and lower than placebo. Other vortioxetine doses did not satisfy the noninferiority criterion, but did not have a significantly higher risk than placebo. In contrast, the TESD risk associated with duloxetine was significantly greater than with placebo. For women, none of the vortioxetine doses met the criterion for non-inferiority to placebo, but as for men, the risk for TESD was not significantly greater than with placebo. For women, the risk associated with duloxetine was also not significantly greater than with placebo, but it was significantly higher than with 5 mg vortioxetine (19 In patients 50 years or younger, 5 mg vortioxetine was non-inferior to placebo in TESD risk, and the risk with the 20 mg vortioxetine dose was significantly greater than with placebo. The risk for TESD associated with duloxetine was also significantly greater than with placebo, as well as significantly greater than with 5 mg vortioxetine dose (17.6% [5.3-29.9] ). In patients older than 50 years, no vortioxetine dose was associated with a risk for TESD that was non-inferior to, or significantly higher than, the risk with placebo. However, the number of patients in this subgroup was small, and the risk associated with duloxetine was also not significantly greater than that of placebo. In addition, the risk associated with duloxetine was also not significantly greater than that of placebo. However, the number of patients in this subgroup was small, so caution should be taken not to draw conclusions regarding less TESD in the >50 age group based on this analysis.
Risk for developing TESD

Sensitivity analyses
The pooled incidence of TESD at 2 consecutive clinic visits was 16.5% (49/297) in the placebo group; 18.9% (25/132), 21.7% (39/180), 25.8% (32/124), and 31.7% (40/126) in the 5, 10, 15, and 20 mg vortioxetine groups, respectively; and 27.4% (57/208) in the duloxetine group. The risk for TESD at 2 consecutive clinic visits in all vortioxetine groups and in the duloxetine group, based on the common risk difference, was numerically higher than in the placebo group; however, no vortioxetine dose had a risk significantly higher than that of placebo (Figure 2) . Although the incidence of TESD at 2 consecutive visits for the duloxetine group was less than for the 20 mg vortioxetine group, the risk in the duloxetine group was significantly greater than with placebo due to the smaller CI. There were no significant differences between any vortioxetine dose and duloxetine. In subgroups defined by gender and age, the common risk differences were generally consistent with the overall analysis and primary analysis for TESD at any visit. For men, the risk of TESD associated with duloxetine was significantly higher than with placebo, and for patients aged 50 years or younger, the risk was higher for duloxetine and vortioxetine 20 mg compared to placebo. No differences were seen between groups for women and for those older than 50 years.
The second sensitivity analysis examined the changes from baseline to week 8 (end of the treatment period) in ASEX individual item scores ( Figure 3 ) for all patients. Patients in all treatment arms (including placebo) exhibited mean improvements in ASEX individual item scores for items 1 (sex drive), 2 (ease of arousal), and 4 (ease of reaching orgasm). Mean changes from baseline in items 3 (ability to achieve erection/lubrication) and 5 (orgasm satisfaction) were small and inconsistent. Consistent with the primary analysis, changes from baseline in ASEX individual item scores in the vortioxetinetreated groups were generally similar to those in the placebo group. There were no significant differences between any of the vortioxetine dose groups or duloxetine and placebo in ASEX individual item scores.
Risk for worsening sexual dysfunction
The effects of vortioxetine therapy in patients with preexisting sexual dysfunction at baseline were evaluated by analysis of the risk of worsening sexual dysfunction ( Figure 4) . Overall, the risk of worsening sexual dysfunction associated with vortioxetine treatment was similar to that associated with placebo. The 5 and 15 mg vortioxetine groups were non-inferior to placebo in this regard. In the 10 and 20 mg vortioxetine groups, the risk was higher than for placebo, but the differences were not significant. Duloxetine was associated with significantly higher risk of worsening compared to placebo (common risk difference 7.7% [0.6-14.9]) and to 5 mg vortioxetine (common risk difference 12.5% [3.3-21.7] ). In the subgroups defined by gender and age, there were no clear trends differing from the overall results.
Spontaneously reported adverse events related to sexual dysfunction
The analysis of spontaneously-reported AEs related to sexual dysfunction included results from 14 short-term (6 or 8 weeks) (see Appendix 2), randomized, controlled trials of vortioxetine in patients with MDD or GAD based on a predefined search list of MedDRA preferred terms. In total, 3377 patients received vortioxetine (5-20 mg/day) in these trials. The results are shown in Table 2 . Overall, 23/2230 (1.0%) patients who received placebo reported at least one AE related to sexual dysfunction. The corresponding numbers in all vortioxetine-and duloxetine-treated patients were 74/3377 (2.2%) and 52/907 (5.7%), respectively, with the incidence of sexual AEs similar across all 4 vortioxetine doses. The most common AEs were decreased libido, anorgasmia, and abnormal orgasm in both vortioxetine and placebo groups. The incidence of sexual AEs was generally higher for men than for women for all treatment groups (including placebo). For women, the most frequently reported sexual dysfunction AE was related to libido (loss 
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https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1092852915000553 or decreased). For men, the most commonly reported sexual dysfunction AEs were problems with ejaculation and erectile dysfunction. There was no consistent trend toward an increased incidence of AEs with increasing doses of vortioxetine. The incidence of spontaneously reported AEs was higher in the duloxetine-treated group than in the vortioxetine or placebo groups.
Four patients receiving vortioxetine discontinued therapy because of an AE related to sexual dysfunction: 2 in the 5 mg group (decreased libido in 1 patient and concurrent erectile dysfunction and loss of libido in 1 patient), 1 patient in the 10 mg group (sexual dysfunction), and 1 patient in the 20 mg group (anorgasmia). One patient in the duloxetine group discontinued because of an AE related to sexual dysfunction (erectile dysfunction).
Discussion
The use of validated measures to assess longitudinal shift has been acknowledged as the most appropriate method for the evaluation of changes in sexual function, especially in comparison to the prevalence assessment of sexual dysfunction in observational studies through spontaneous reporting of AEs. Although the evaluation of a shift in sexual functioning is traditionally based on any single visit and does not require confirmation from additional visits, the methodology is seen as superior to the spontaneous reporting of sexual AEs, where patients under-report such AEs unless directly questioned. 4, 27, 28 The vortioxetine clinical development program is now the largest clinical database prospectively assessing TESD using a structured scale that longitudinally investigates the shift in sexual dysfunction in patients without any sexual dysfunction at baseline, as well as the worsening of symptoms in those patients with sexual dysfunction at baseline.
Across the 6 randomized, placebo-controlled trials for the treatment of MDD and the single trial for the treatment of GAD, vortioxetine 5-20 mg (the approved therapeutic dose range) was associated with an approximately 5% increase in incidence of TESD (as determined by ASEX scores) over placebo in patients without sexual dysfunction at baseline. For patients treated with 5 mg vortioxetine, the risk of TESD was non-inferior to the risk observed in patients who received placebo. While the risk of developing TESD was generally similar to, or less than, placebo at 5 and 10 mg, and higher than placebo at 15 and 20 mg, it generally increased with increasing doses of vortioxetine; this pooled analysis indicated, however, that no individual dose of vortioxetine was associated with a significantly higher risk of TESD when compared to placebo. These results are supported by statistical difference between vortioxetine and duloxetine on the 2 sensitivity analyses, which explored the risk of TESD occurring on 2 consecutive study visits during the treatment period and also changes from baseline in ASEX individual item scores. Previous studies comparing duloxetine to SSRIs (paroxetine 29 and escitalopram 30 ) have demonstrated an intermediate effect of duloxetine on sexual functioning between placebo and SSRI therapy, suggesting that duloxetine is a more rigorous comparator agent than an SSRI in the detection of assay sensitivity for sexual dysfunction. In this pooled analysis, assay sensitivity was demonstrated by the significantly higher risk of developing TESD with duloxetine than with placebo. In addition, the risk of TESD with duloxetine was significantly higher than with placebo in all other analyses except ASEX individual item scores. The risk of TESD associated with duloxetine was significantly higher than for low doses of vortioxetine (5 and 10 mg) in the primary analysis and some of the secondary and subgroup analyses. Overall, the results support the conclusion that therapeutic doses of vortioxetine (5 to 20 mg/day) have limited impact on sexual functioning, with some increase in sexual dysfunction at the higher doses. Additional analyses that explored the worsening of sexual dysfunction in patients with sexual dysfunction at baseline also supported the conclusion that vortioxetine has limited effects on sexual function in patients with MDD or GAD. Similarly, the incidence of spontaneously reported AEs related to sexual dysfunction in the 14 short-term trials (11 in MDD and 3 in GAD, see Appendix 2) were only slightly higher in the vortioxetine-treated patients compared to placebo-treated patients, while duloxetinetreated patients reported higher rates for almost every type of AE related to sexual dysfunction. As expected, spontaneous reporting of sexual dysfunction is much lower for all treatment groups, including duloxetine, than the rates of sexual dysfunction reported using a prospective questionnaire.
Study limitations
This pooled analysis primarily consisted of patients with MDD, with a smaller number with GAD; differences in types of and reasons for sexual dysfunction due to the different disease states are not known. However, in the primary and additional analyses, data from 1 GAD trial were pooled with data from 6 MDD trials because the single GAD trial was too small to allow a meaningful analysis of sexual dysfunction beyond that already published. 23 The high rates of sexual dysfunction at baseline (∽70%) limited the number of subjects available for the evaluation of TESD across the vortioxetine clinical trial program. These numbers were further reduced in the subgroup analyses. While change from baseline in ASEX individual item scores represents the only way to assess specific phases of sexual function in studies utilizing the ASEX, this method of analysis of the ASEX has not yet been validated. In this pooled analysis, spontaneous reports of TESD were very low, and the effect of prospective administration of a validated questionnaire on spontaneous reports of sexual dysfunction is unknown. However, the comparisons across treatment groups are consistent with the between-group relationships seen using the ASEX. Also, patients with comorbid psychiatric diseases were excluded from these studies, as were patients receiving concomitant psychotropics, which would limit the generalization of these results to such patients.
The interpretation of this study is further limited because these data were collected from different clinical studies. The individual studies and pooled analysis were not formally powered for testing the statistical hypotheses, and no adjustments were made to control for multiple comparisons. Adequately powered trials are needed to confirm the results, as well as further investigate any dose relationship regarding the incidence of TESD with vortioxetine. Additionally, some of the subgroups included small sample sizes (eg, >50 age group), and therefore the interpretation of the results in these cases is limited. Estimation of the treatment effects was limited due to the trial designs and to the ASEX scale only being utilized in 7 of the 14 short-term MDD and GAD trials. Placebo was studied in all 7 trials, duloxetine was studied in 5 of the 7 trials, and not all vortioxetine doses were studied in all trials; therefore, some treatment comparisons (eg, vortioxetine 20 mg versus duloxetine) were based on results from as few as 2 trials.
Conclusions
Therapeutic doses of vortioxetine (5 to 20 mg/day) had only minor effects on sexual function in patients with MDD or GAD. While the incidence of TESD relative to placebo generally increased with increasing vortioxetine dose in patients without sexual dysfunction at baseline, the effects of vortioxetine on sexual function in these patients did not significantly differ from the effects of placebo. Duloxetine treatment was associated with rates of TESD that were significantly higher than for placebo and significantly higher than for vortioxetine 5 and 10 mg.
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